statistical analyses were performed in R (team n.d.). As feathers for female stable 1 3 7 isotope analysis were only sampled for one population on each island, we performed 1 3 8
all tests on two additional datasets to ensure that this did not bias our findings. The First, we established whether there were significant differences in beak size and shape both for the presence of overall population variation and for variation among 1 4 7 populations within islands using models with population nested within island. Next, we investigated which factors best explain size and shape variation. We used in the models. Thus, these variables were used as explanatory factors in our models. we used a model selection framework based on applicable information criteria. models. We then tested which of all possible models best explained data based on 1 9 5
AICc with sex, hybrid index and their interactions as explanatory variables. The same 1 9 6 model was repeated for size, except RW1, reflecting a change from wide to a narrow 1 9 7 basal part of the beak (Supplementary Figure 2 ) was used as a response variable. For was based on AIC on MANOVA, first using models including only one climate or For the individual level dataset, model selection was performed as in the population 2 0 5 level analyses, but on mixed models with population as a random factor with centroid 2 0 6 size and RW1 as response variables, respectively. We used the lmer command from the MCMCglmm algorithm to speed up the rate of convergence in the MCMC chain.
1 8
This entails using information from a run with an uninformative prior on the same 2 1 9
data to choose proper values for the prior means and prior covariance matrix (alpha 2 2 0 mean and variance) to be specified in the parameter expanded run. We then used a between successive samples in the chain. Three chains were run to ensure consistency 2 2 7 in parameter estimation. Model selection for these models was performed based on 2 2 8 DIC. individuals into discriminant scores using the factor loadings of the discriminant axis between parent species. We then tested whether the position along the score axis was Sex did not significantly affect beak size or shape, and was not included in any of the 2 4 7
best models for the dataset with both females and males in all populations 2 4 8
( Supplementary Table 3 ), therefore we proceeded with our analyses using the full variation are complex and no clear best explanatory variables emerge. Beak shape: the major axis of divergence 2 7 7
The best model for population divergence along the main axis of shape variation, Beak shape: all significant axes of divergence 2 8 5
The first four RWs reflecting beak shape variation deviated from the noise floor 2 8 6 ( Supplementary Table 1; Supplementary Figure 2) . The model best explaining this 2 8 7
shape variation included annual precipitation, genomic hybrid index and the 2 8 8
interaction between these terms ( Supplementary Figure 3a-d ; Tables 1-2). We also Parental phenotypes and the extent of genomic contingencies 2 9 4
We estimated the axis discriminating the parent species based on the four RWs 2 9 5 deviating from the noise floor (Supplementary Table 4) , and scored the hybrids on 2 9 6 this axis. We found a significant correlation between hybrid index and score along the implying that populations that are genomically similar to house sparrows also have a 2 9 9 more house sparrow like beak shape. Breaking up shape into the individual axes of 3 0 0 variation, we find intermediacy and hence potential constraints only in the third and P=0.058; R 2 =0.01; Supplementary Figure 4 ). Both beak size and beak shape vary significantly between Italian sparrow populations, 3 0 8
as well as between islands. Interestingly size and shape are not best explained by the 3 0 9 same factors at the population level. While beak size is strongly affected by 3 1 0 temperature seasonality, the main axis of beak shape variation is best explained by 3 1 1 variation in carbon isotopic ratios. Although ecological factors best explain beak 3 1 2 shape along the major axis of variation, beak shape divergence for all significant axes origin and potentially contingencies. The fact that there is a correlation between genomic similarity to the parent species is also consistent with a role for rule (Allen 1877), which posits that the relative size of body extremities is smaller in relationship could therefore be complex and involve many factors of small effect or 3 3 7 variables that we have not measured. Annual precipitation pattern is the ecological factor best explaining beak shape. Although all sampled individuals were breeding adults, stable isotope composition 3 7 0 reflects diet at molt the previous autumn, and the birds could have belonged to 3 7 1 different age classes at this point in time. selection on the genes affecting the phenotype makes a strong case that the sorting of 3 7 9
parental variants allows hybrid species to locally adapt. shape components. This is consistent with the pattern predicted for traits where 3 8 7
directional selection contributes to parent species differences in which hybrids are The role of seed coats in seed viability. Bot. Rev 60:426-439. Springer-Verlag. Ontogeny and Phylogeny. Syst Biol 47:147-158. island gigantism: dietary niche divergence, predation, and size in an endemic lizard.
8 7
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